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(57) Abstract: 

PROBLEM TO BE SOLVED: To embody a high-sensitivity TMR element by 
optimizing the selection of an electronic state contributing to tunnel 
conduction. 

SOLUTION: The joint surface of a ferromagnetic material layer 210 having 
a bcc structure and a tunnel barrier layer 310 is formed of the (211) 
face or (110) face of the ferromagnetic material layer 210. The tunnel 
barrier layer 310 is the alumina thin film formed by two steps; a step 
of forming an aluminum film below 10 &angst; on a metallic surface of a 
magnetic material by utilizing the nature of the alumina that the 
alumina wets well to the major metallic film surfaces and oxidizing the 
film by natural oxidation or oxygen radicals and a step of executing the 
alumina thin film formation in an oxygen atmosphere or oxygen radical 
atmosphere in succession thereto. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the tunnel magneto-resistive effect component 
characterized by being the ferromagnetic with which said first magnetic 
layer has bcc structure in the tunnel magneto-resistive effect component 
which the first magnetic layer, a tunnel barrier layer, and the second 
magnetic layer equip with the multilayers by which the laminating was 
carried out to order, and the plane of composition of said first 
magnetic layer and said tunnel barrier layer being said the first field 
(211) or (110) field of a magnetic layer. 

[Claim 2] It is the tunnel magneto-resistive effect component 
characterized by for said first magnetic layer being a ferromagnetic 
which has bcc structure, and the plane of composition of said first 
magnetic layer and said tunnel barrier layer being said the first field 
(211) or (110) field of a magnetic layer from the direction near a 
substrate on a substrate in a tunnel magneto-resistive effect component 
equipped with the multilayers by which the laminating was carried out in 
the sequence of a buffer layer, the first magnetic layer, a tunnel 
barrier layer, and the second magnetic layer. 

[Claim 3] In a tunnel magneto-resistive effect component according to 
claim 2, the plane of composition of said first magnetic layer and said 
tunnel barrier layer is a field (211) of said first magnetic layer. As 



said buffer layer The Ath page of the cobalt which has hep structure, or 
a cobalt-chromium alloy, the field of the chromium which has bcc 
structure (211), The field (110) of the gold which has fee structure, 
the field of a magnesium oxide (110), The tunnel magneto-resistive 
effect component characterized by using the field (11-20) of sapphire, 
the field (001) of the titanium chromium alloy which has bcc structure, 
or the multilayer structure that carried out the laminating, combining 
these more than a bi layer. 

[Claim 4] In a tunnel magneto-resistive effect component according to 
claim 2, said first magnetic layer is a single crystal, and the plane of 
composition of said first magnetic layer and said tunnel barrier layer 
is a field (110) of the first magnetic layer. As said buffer layer The 
molybdenum (110) side which has bcc structure, the tungsten (110) side 
which has bcc structure. The tunnel magneto-resistive effect component 
characterized by using the tantalum (110) side which has bcc structure, 
the chromium (110) side which has bee structure, or the multilayer 
structure which carried out the laminating, combining these more than a 
bi layer. 

[Claim 5] It is the tunnel magneto-resistive effect component which said 
first magnetic layer is polycrystal in a tunnel magneto-resistive effect 
component according to claim 2, and the plane of composition of said 
first magnetic layer and said tunnel barrier layer is a field (110) of 
the first magnetic layer, and is characterized by using the field (0001) 
of the metal which has the metaled field (111) or the hep structure 
which has fee structure, or the multilayer structure which carried out 
the laminating, combining these more than a bilayer as said buffer layer. 
[Claim 6] The tunnel magneto-resistive effect component characterized by 
the plane of composition of said first magnetic layer and said tunnel 
barrier layer being the crystal face which has the inclination of less 
than 10 degrees from said the first field (211) or (110) field of a 
magnetic layer in the tunnel magneto-resistive effect component of claim 
1-5 given in any 1 term. 

[Claim 7] The magnetic head characterized by having the tunnel magneto- 
resistive effect component of claim 1-6 given in any 1 term. 
[Claim 8] In the manufacture approach of the magnetic head that the 
first magnetic layer, a tunnel barrier layer, and the second magnetic 
layer are equipped with the multilayers by which the laminating was 
carried out to order The aluminum film with a thickness of lOA or less 
is formed on the field (211) of said first magnetic layer, or (110) a 
field using the ferromagnetic which has bcc structure as said first 
magnetic layer. Oxidize by natural oxidation or the oxygen radical, and 



said aluminum film is used as an aluminum oxide film. The manufacture 
approach of the magnetic head characterized by forming said tunnel 
barrier layer by forming an aluminum oxide film on said aluminum oxide 
film in an oxygen ambient atmosphere or an oxygen radical. 
[Claim 9] Magnetic memory characterized by using the tunnel magneto- 
resistive effect component of claim 1-6 given in any 1 term as said 
tunnel magneto-resistive effect component in two or more tunnel magneto- 
resistive effect components arranged in the shape of a matrix, a means 
to impress a field to each tunnel magneto-resistive effect component 
alternatively, a means to detect alternatively resistance of each tunnel 
magneto-resistive effect component, and the included magnetic memory. 
[Claim 10] Two or more tunnel magneto-resistive effect components which 
the first magnetic layer, a tunnel barrier layer, and the second 
magnetic layer become from the multilayers by which the laminating of 
each was carried out to order, In the manufacture approach of a means to 
impress a field to each tunnel magneto-resistive effect component 
alternatively, a means to detect alternatively resistance of each tunnel 
magneto-resistive effect component, and the included magnetic memory The 
aluminum film with a thickness of lOA or less is formed on the field 
(211) of said first magnetic layer, or (110) a field using the 
ferromagnetic which has bcc structure as said first magnetic layer. 
Oxidize by natural oxidation or the oxygen radical, and said aluminum 
film is used as an aluminum oxide film. The manufacture approach of the 
magnetic memory characterized by forming said tunnel barrier layer by 
forming an aluminum oxide film on said aluminum oxide film in an oxygen 
ambient atmosphere or an oxygen radical. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture 
approach at a tunnel magneto-resistive effect component, the magnetic- 
head magnetism memory which used it, and a list. 

[0002] 

[Description of the Prior Art] S. Jagadeesh Moodera and Lisa R. Kinder, 

J. Appl. Phys. 79 volume (1996) No. 8, 4724 pages (reference 1) and 

J. C. Slonczewski, and 39 Physical Review B (1989) The TMR component is 



proposed by No. 10 and 6995 pages (reference 2) as a magnetic sensor 
based on a tunnel magneto-resistive effect (TMR). In order that a TMR 
component may show a big magneto-resistive effect compared with the 
conventional magneto-resistive effect component (MR component), the 
application as the magnetic head for playback is expected. 
[0003] A TMR component has the structure whose tunnel barrier layer 300 
was pinched by the first magnetic layer 200 and second magnetic layer 
100, as shown in drawing 1 . Here, the first magnetic layer 200 is 
formed on the lead-wire layer 400 formed on the substrate 500, and is 
connected to an external electrical circuit. Moreover, the second 
magnetic layer 100 is also connected to an external electrical circuit. 
When it has the coercive force from which these two kinds of magnetic 
layers 100 and 200 differ, corresponding to change of an external 
magnetic field 800, the phenomenon of changing between the cases where 
the relation of the sense of magnetization of each magnetic layer 
100,200 is the case of being mutually parallel, and anti-parallel 
happens. 

[0004] On the other hand, if bias voltage V is impressed among the two 
above-mentioned kinds of magnetic layers 100, 200, tunnel resistance R to 
which tunnel current I through the tunnel barrier layer (dielectric 
layer) 300 flows can define by R=V/I. Observation of the magnitude of 
this tunnel resistance R also changes tunnel resistance R by whether the 
sense of the magnetization between the above-mentioned magnetic layers 
100,200 is parallel or anti-parallel. It is the magnetic sensor based on 
the above-mentioned tunnel magneto-resistive effect which outputs change 
of tunnel resistance R of a TMR component which changes with external 
magnetic fields 800. 
[0005] 

[Problem (s) to be Solved by the Invention] The magnitude of change of 
the above-mentioned tunnel resistance R is mostly determined by the 
value of the polarizability PI of a magnetic layer 100, and the 
polarizability P2 of a magnetic layer 200 as shown in said reference 1. 
These "polarizability" is the amounts which were closely related to the 
magnitude of magnetization (rate of = spin polarization) of the matter, 
and the magnitude of magnetization has the value of a proper in the 
matter. The more the magnitude of "polarizability" is close to 1, the 
more change of bigger tunnel resistance R is obtained. 
[0006] The value of "polarizability" can be calculated if the number of 
the electronic state which contributes to the tunnel conduction in a 
magnetic layer is got to know. That is, the difference of the number of 
the condition of a spin up and the number of the condition of a spin 



down determines the "polarizability" in each magnetic layer among the 
electronic states which contribute to tunnel conduction. Although the 
difference of the number of the condition of a spin up and the number of 
the condition of a spin down poses a problem also in case it asks for 
magnetization of the metal magnetic substance, the difference of the 
electronic state which defines the value of the "polarizability* 
described here is the point of having taken out only the number of the 
electronic states which contribute to tunnel conduction among electronic 
states possible in the magnetic substance, and differs from the 
procedure which asks for general magnetization. When in other words 
considering only the electron contributed to tunnel conduction, the 
value of the "polarizability" stated the value of general magnetization 
and here is not necessarily in agreement. 

[0007] In spite of using for this invention the magnetic-substance 
ingredient which has the same magnetization by optimizing selection of 
the electronic state which contributes to tunnel conduction, it aims at 
obtaining higher "polarizability" and obtaining the tunnel magneto- 
resistive effect component which can attain change of bigger tunnel 
resistance R. This invention aims also at offering the again more high 
sensitivity magnetic head and its manufacture approach, the magnetic 
memory whose R/W are nonvolatile and is possible for a high speed, and 
its manufacture approach. 
[0008] 

[Means for Solving the Problem] above-mentioned "electronic state which 
contributes to tunnel conduction" — or [ what kind of condition ] — 
******** ~ it explains. Such an electronic state can be summarized as 
the electronic state which is an electronic state near (1) Fermi surface, 
and has a wave number vector perpendicular (that is, parallel to the 
thickness direction of the tunnel barrier) to (2) tunnel- junction side. 
In the reciprocal space corresponding to the magnetic substance which 
constitutes each magnetic layer, the electronic state corresponding to 
the energy near the Fermi energy among the electronic states which have 
a wave number vector almost parallel to a direction perpendicular to a 
tunnel junction side is "an electronic state which contributes to tunnel 
conduction. " 

[0009] The request of the above (2) is brought about by the wave number 
vector selectivity of the tunnel barrier. E. Wolf and "Principles of 
Electron Tunneling Spectroscopy" (Oxford University Press, Oxford, 1989), 
In the ideal dielectric tunnel barrier which consists of infinity flat 
surfaces using an alumina etc. as shown in p. 23. (reference 3) When the 
wave number vector of the tunnel electron described by the plane wave is 



parallel to the direction of a normal of the tunnel barrier, if the 
penetration probability is the highest and a wave number vector comes to 
have a component perpendicular to the direction of a normal of the 
tunnel barrier, penetration probability will decrease rapidly. Barrier 
height' s assumption of lOA [ in thickness of 2eV and the tunnel 
barrier ] and Fermi level 5eV calculates slightly the include angle 
which the direction of a normal in case the penetration probability 
falls to 1/e (e: bottom of a natural logarithm), and a wave number 
vector make with about 8 times. That is, the wave number vector of the 
tunneled electron has gathered very well. From such a fact, it can be 
said that the tunnel barrier to which surface smoothness was fully 
secured is an efficient wave number vector selecting arrangement. In 
other words, it can be said that the electronic state of the electron 
taken out from the magnetic layer by thd tunnel is only an electronic 
state which was stretched around gamma point in reciprocal space and 
which is included to the field of a very small solid angle. It is 
thought that the property of the tunnel electron obtained from the 
electronic state group which has the wave number vector to which the 
direction was extremely equal is very sensitive to the anisotropy of 
reciprocal space, i. e. , crystalline anisotropy. Such a description can 
be guessed also from the experiment of magnetic Compton scattering using 
a circular polarization of light X-ray shown in Yoshikazu Tanaka and 
Nobuhiko Sakai, Yasunori Kubo, and, Hiroshi Kawata, Physical Review 
Letters, Vol.70, No. 10, 1993, and pp. 1537-1540 (reference 4) . In this 
experiment, direct measurement of the polarizability of the electron 
taken out from the iron front face is carried out by the circular 
polarization of light X-ray, and according to that result, the 
polarizability of the electron emitted in the direction of gamma-N shows 
that it has a big value compared with the polarizability of the 
direction of gamraa-H. 

[0010] This invention uses the point of having an anisotropy with the 
remarkable polarizability of a magnetic-substance crystal which was 
described above. That is, field bearing which shows change of larger 
tunnel magnetic reluctance was searched using the wave number vector 
selectivity of the tunnel barrier. Consequently, in iron and an iron 
alloy, it was found out that the directions which have large 
polarizability are a field (211) and a field (110). 
[0011] Drawing 2 is the cross section showing the example of a 
configuration of the TMR component which enables enhancement of the 
tunnel magnetic-reluctance change by this invention. In drawing 2 , the 
laminated structure of the first magnetic layer 210, the tunnel barrier 



layer 310, and the second magnetic layer 110 constitutes the TMR 
component. However, the first magnetic layer 210 is formed on the buffer 
layer 250 which consists of the above further at least, and is the 
crystal thin film which grew along with the specific crystal orientation 
determined by the class of ingredient of this buffer layer 250, and its 
crystal orientation. Therefore, the specific crystal face of a magnetic 
layer 210 forms the plane of composition with the tunnel barrier layer 
310. Here, although only the electron of an electronic state with a wave 
number vector perpendicular to the above-mentioned plane of composition 
can tunnel from a magnetic layer 210 to a magnetic layer 110 
alternatively by the wave number vector selectivity of the tunnel 
barrier, such an electronic state is the electronic state which has a 
wave number vector perpendicular to the crystal face which appeared in 
the plane of composition of a magnetic layer 210 in coincidence. That is, 
only the electron of the electronic state of a specific field will be 
chosen among the electronic states expressed with the lattice point in 
the reciprocal space of the crystal ingredient which constitutes a 
magnetic layer 210 by which crystal face is chosen as the plane of 
composition of a magnetic layer 210. 

[0012] The above-mentioned specific crystal orientation changes with 
matter which constitutes a magnetic layer 210, the direction which 
optimizes polarizability is known, and if it is the magnetic substance 
which the direction is chosen and can be grown up in a magnetic layer, 
this can be used for it as a magnetic layer 210. However, the 
ferromagnetic which has bcc structure alone is only iron. Moreover, the 
alloy of iron, such as iron-cobalt, iron-nickel, iron-chromium, an iron- 
rhodium, iron-platinum, iron-palladium, iron-iridium, and iron- vanadium, 
also has bcc structure, and it is a ferromagnetic. So, in this invention, 
these matter groups are set as the object. 

[0013] In the process in which this invention is obtained, the TMR 
component was produced using the magnetic layer 210 which has different 
field bearing using the above-mentioned matter group, tunnel magnetic- 
reluctance change was observed, and the direction which optimizes 
polarizability was searched. Consequently, what showed the tunnel 
magnetic-reluctance change with the biggest TMR component using a field 
(211), and showed a tunnel magnetic-reluctance change big next turned 
into a thing using a field (110), and although the field (211) was used 
for the value, it became about 80%. With the TMR component using other 
fields, it became 25 or less % at the time of using a field (211). 
Although effective field bearing is a field (211) and was a little 
inferior from these results, it became clear that a field (110) is also 



effective. 

[0014] In addition, the crystal orientation of a buffer layer 250 is 
decided by crystal orientation of the lower layer lead-wire layer 410, 
and the crystal orientation of the lead-wire layer 410 is decided by the 
class of ingredient of the substrate 510 of further a lower layer, and 
its crystal orientation. It will be said that in other words the class 
of ingredient of a buffer layer 250, the lead-wire layer 410, and a 
substrate 510 and the combination of crystal orientation control the 
crystal orientation of a magnetic layer 210. By the way, in order for 
the tunnel barrier layer 310 to serve as a leading wave number vector 
selecting arrangement, surface smoothness with the very high plane of 
composition with a magnetic layer 210 and a magnetic layer 110 is 
required. In order to obtain high surface smoothness, in this invention, 
the tunnel barrier layer 310 was formed by the approach of calling the 
"two-step oxidizing method. " 

[0015] The comparatively reliable tunnel barrier has been produced with 
the oxide film of aluminum as shown in the conventional techniques, such 
as reference 1 and H. Tsuge and T. Mitsuzuka, Applied Physics Letters, 
Vol.71, No. 22, 1997, and pp. 3296-3298 (reference 5). Although this 
invention also uses an aluminum oxide film as a tunnel barrier layer, 
the formation approach differs from a well-known approach conventionally. 
It is known that aluminum will get wet well on the front face of main 
magnetic-substance metals, such as iron, cobalt, nickel, and these 
alloys. Drawing 3 - drawing 6 chose iron (Fe) as a magnetic layer 211, 
and have illustrated the situation which forms an aluminum oxide film 
(alumina) in the front face of the (001) field. In order to make an 
understanding easy, in drawing 6 , the same number was given to a part 
for the same structured division from drawing 3 . 

[0016] Drawing 3 (a) shows the situation which formed the aluminum thin 
film 320 with a thickness of lOA or less by vacuum evaporationo on the 
magnetic layer 211 (iron field (001)) using ultra-high-vacuum equipment. 
When the thickness of aluminum is sufficiently thin (lOA or less), 
aluminum covers Fe (001) side with the high wettability of aluminum 
precisely, and the aluminum thin film 320 which has a field (001) is 
formed reflecting the crystal face of Fe. This fact was checked by RHEED 
(reflective high energy electron diffraction) pattern observation on the 
front face of aluminum after vacuum evaporationo, and it was shown that 
the very flat interface was acquired between the aluminum thin film 320 
and the iron field (001). Then, when oxygen gas was introduced in ultra- 
high-vacuum equipment, the above-mentioned RHEED pattern changed to the 
pattern in which formation of an amorphous layer is shown. Drawing 3 (b) 



As this showed, the alumina layer 330 with very high surface smoothness 
is formed, and it shows that the interface of a good tunnel barrier 
layer and Fe (001) side was acquired. In addition, the thickness changes 
from lOA or less to 13A or less with oxidation of aluminum. 
[0017] On the other hand, as shown in drawing 4 (a), when aluminum was 
vapor-deposited more thickly (lOA or more), in addition to the field 
(001) of aluminum, the so-called faceting which produces a field (111) 
happened, and small irregularity arose in the front face of aluminum 321. 
This fact was checked by change of a RHEED pattern. Even if it 
introduced oxygen gas in ultra-high-vacuum equipment, the RHEED pattern 
did not turn into a pattern in which a perfect amorphous condition is 
shown, but as this irregularity remains and was shown in drawing 4 (b), 
the structure where the oxidation remainder of aluminum was wrapped in 
was formed and the alumina layer 331 accompanied by irregularity was 
formed. In this situation, the possibility of a tunnel of the wave 
number vector of not only the wave number vector of a direction (001) 
but a direction (111) will be added, and wave number vector selectivity 
will become weaker. Therefore, production of the tunnel barrier which 
had sufficient surface smoothness which has the thickness of 13A or more 
by oxidizing the aluminum film simply is difficult. 

[0018] Forming the thickness of the tunnel barrier in 13A or more is the 
demand which cannot be disregarded from a viewpoint of property control 
of a TMR component. Therefore, the approach as shown in drawing 5 was 
tried. Drawing 5 (a) and (b) are the approaches shown in drawing 3 , and 
show the process which forms the alumina layer 330 with a thickness of 
13A or less. Next, after removing the oxygen which exhausted ultra-high- 
vacuum equipment again and was introduced for aluminum oxidation, again, 
aluminum is vapor-deposited by the thickness of lOA or less, and the 
situation in which the aluminum layer 322 was formed is typically shown 
in drawing 5 (c). In this case, although faceting shown in drawing 4 was 
not produced, since **** on the front face of an alumina of aluminum was 
inadequate, the grain of aluminum was generated and the aluminum film 
322 more near a polycrystal thin film was formed. Then, although the 
alumina layer 332 was formed by oxidation by oxygen installation, the 
degrees of oxidation differed along the grain boundary, the existence of 
a pinhole and the heterogeneity of tunnel barrier height resulting from 
a grain boundary were ****** (ed), and a good tunnel barrier property was 
not acquired from the measurement using STM/AFM etc. 

[0019] So, in this invention, the "two-step oxidation style" as shown in 
drawing 6 was developed. Drawing 6 (a) and (b) show the process which 
forms the alumina layer 330 with a thickness of 13A or less like drawing 



3 . Next, as shown in drawing 6 (c), when fixed oxygen tension was 
maintained without exhausting ultra-high-vacuum equipment and aluminum 
was vapor-deposited, as shown in a substrate at drawing 6 (c), the 
alumina layer 333 was formed. By this approach of forming the alumina 
layer 333 which is the matter same on the alumina layer 330, generating 
of the grain boundary resulting from wettability incompleteness was 
suppressed, it was very homogeneous and the tunnel barrier layer 
excellent in surface smoothness was obtained. According to this approach, 
the tunnel barrier property good to 10 to 30A thickness was observed, 
with homogeneity and surface smoothness maintained. The upper limit of 
theoretic thickness does not exist in this approach. 
[0020] By the way, even if it excludes drawing 6 (a) and the process of 
(b), it places Fe (001) side of the front face of a magnetic layer 211 
into an oxygen ambient atmosphere and it performs alumina stratification 
like drawing 6 (c), a good tunnel barrier layer is not obtained. It is 
because the wettability of an alumina and Fe (001) side is bad, so grain 
formation arises. Therefore, it is indispensable to form a thin (ISA or 
less) alumina layer 330 like drawing 6 (b) beforehand. 
[0021] As explanation of drawing 3 also described, when it was aluminum 
thickness lOA or less, to almost all magnetic layers, it did not call at 
the class or field bearing, but the always good alumina layer 330 has 
been formed. Therefore, the approach by two-step oxidization is the 
tunnel barrier formation approach the optimal for this invention, and 
indispensable which picks out the electron which has the wave number 
vector of arbitration from the matter of arbitration. 
[0022] For example, in the approach of drawing 4 , if the front face 
which carries out lattice matching to the field (111) of aluminum is 
used as a magnetic layer 211, aluminum will not form a field (001) but 
will form a field from the beginning (111). In this case, faceting does 
not happen but the flat tunnel barrier is obtained. However, by this 
approach, since the crystal orientation and the class of magnetic layer 
211 are limited and the anisotropy of arbitration cannot be chosen, it 
cannot become a means to realize this invention. In other words, it is a 
means with an above-mentioned two-step oxidation style indispensable to 
implementation of this invention which is going to take out the tunnel 
electron which has the wave number vector of the direction of 
arbitration using the selection system of a wave number vector. 
[0023] In addition, in the two-step oxidation style explained above, 
although the natural oxidation by the oxygen introduced into ultra-high- 
vacuum equipment performed oxidation of aluminum, when oxidized 
according to the ambient atmosphere containing the oxygen radical 



generated by UV ozone and the oxygen plasma in this, the high tunnel 
barrier layer of barrier height was able to be formed more. By this, 
change of tunnel magnetic reluctance increased to about 2 times in the 
case of being based on natural oxidation. It can also be said that it is 
the approach of forming the dielectric tunnel barrier of the ultra-thin 
film by having removed irregularity on atomic dimension level to 
coincidence although the two-step oxidizing method described here is an 
approach of securing surface smoothness. This point is especially 
effective to make small the value of the tunnel resistance of a TMR 
component itself. Moreover, it is useful also as an approach of being 
the range covering 8 figures and controlling the value of tunnel 
resistance with a sufficient precision. 

[0024] When the above is summarized, it is the alumina thin film forming 
method aluminum serves as a "two-step oxidation style" from the second 
stage story which performs alumina thin film formation in the first 
stage story which uses the property to get wet well on main metal 
membrane front faces, forms the aluminum film IDA or less in a magnetic- 
substance surface of metal, and oxidizes this by natural oxidation or 
the oxygen radical, the oxygen ambient atmosphere following this, or an 
oxygen radical. 

[0025] As stated above, in the tunnel magneto-resistive effect component 
which the tunnel magneto-resistive effect component by this invention 
equips with the multilayers by which the laminating of the first 
magnetic layer, a tunnel barrier layer, and the second magnetic layer 
was carried out to order, the first magnetic layer is a ferromagnetic 
which has bcc structure, and it is characterized by the plane of 
composition of the first magnetic layer and a tunnel barrier layer being 
the first field (211) or (110) field of a magnetic layer. 
[0026] As a ferromagnetic which has bcc structure, an iron and iron- 
cobalt alloy, iron-nickel, iron-chromium, iron-rhodium, iron-platinum, 
iron-palladium, iron-iridium, and iron-vanadium alloy etc. can be used. 
Moreover, the second magnetic layer can be used as iron, nickel, cobalt, 
or these alloys. In the tunnel magneto-resistive effect component to 
which the tunnel magneto-resistive effect component by this invention is 
equipped with the multilayers by which the laminating was carried out in 
the sequence of a buffer layer, the first magnetic layer, a tunnel 
barrier layer, and the second magnetic layer from the direction near a 
substrate on a substrate again The first magnetic layer is a 
ferromagnetic which has bcc structure, and it is characterized by the 
plane of composition of the first magnetic layer and said tunnel barrier 
layer being the first field (211) or (110) field of a magnetic layer. 



[0027] When the plane of composition of the first magnetic layer and a 
tunnel barrier layer is a field (211) of the first magnetic layer, as a 
buffer layer The Ath page of the cobalt which has hep structure, or a 
cobalt-chromium alloy, the field of the chromium which has bcc structure 
(211), The field (110) of the gold which has fee structure, the field 
(110) of a magnesium oxide, the field (11-20) of sapphire, the field 
(001) of the titanium chromium alloy which has bcc structure, or the 
multilayer structure that carried out the laminating, combining these 
more than a bilayer is suitable. 

[0028] The first magnetic layer is a single crystal, and when the plane 
of composition of the first magnetic layer and a tunnel barrier layer is 
a field (110) of the first magnetic layer, as a buffer layer, the 
molybdenum (110) side which has bcc structure, the tungsten (110) side 
which has bcc structure, the tantalum (110) side which has bcc structure, 
the chromium (110) side which has bcc structure, or the multilayer 
structure which carried out the laminating, combining these more than a 
bilayer is suitable. 

[0029] The first magnetic layer is polycrystal, and when the plane of 
composition of the first magnetic layer and a tunnel barrier layer is a 
field (110) of the first magnetic layer, the field (0001) of the metal 
which has the metaled field (111) or the hep structure which has fee 
structure as a buffer layer, or the multilayer structure which carried 
out the laminating, combining these more than a bilayer is suitable. The 
plane of composition of the first magnetic layer and a tunnel barrier 
layer may be the crystal face which has the inclination of less than 10 
degrees from the first field (211) or (110) field of a magnetic layer. 
[0030] The tunnel magneto-resistive effect component by this invention 
shall have the multilayer structure which inserted the amorphous thin 
film layer which consists of at least one kind of silicon oxide, an 
aluminum oxide film, or other metal oxide films between a buffer layer 
and a semi-conductor substrate, using a semi-conductor substrate as a 
substrate. As the term of the conventional technique described, it is 
indispensable to the manifestation of a tunnel magneto-resistive effect 
that a difference is in the coercive force of the first magnetic layer 
and the second magnetic layer. Therefore, if the coercive force of each 
magnetic layer is controlled independently and coercive force of 
magnitude required for each is not realized, an effective tunnel 
magneto-resistive effect component is not obtained. Usually, although 
the difference of coercive force required of choosing the ingredient of 
the magnetic substance is realized, when an effective coercive force 
difference is not acquired by selection of each magnetic-substance 



ingredient, there is an approach which is described below. Namely, what 
is necessary is just to use the magnetic substance which has coercive 
force higher than the first magnetic layer as a buffer layer to give 
high coercive force by the first magnetic layer. Moreover, what is 
necessary is just to carry out the laminating of the ferromagnetic layer 
which has higher coercive force on the second magnetic layer (namely, on 
the second [ of the opposite side of a tunnel barrier layer ] magnetic- 
substance stratification plane), or the antiferromagnetic substance 
layer to give high coercive force by the second magnetic layer. 
[0031] If the tunnel magneto-resistive effect component by this 
invention is used for the magnetic head, it is suitable. If the tunnel 
magneto-resistive effect component by this invention is used as an 
element of a means to impress a field to two or more tunnel magneto- 
resistive effect components arranged in the shape of a matrix, and each 
tunnel magneto-resistive effect component alternatively again, a means 
to detect alternatively resistance of each tunnel magneto-resistive 
effect component, and the included magnetic memory, it is suitable. 
[0032] In the manufacture approach of the magnetic head that the 
manufacture approach of the magnetic head by this invention is equipped 
with the multilayers by which the laminating of the first magnetic layer, 
a tunnel barrier layer, and the second magnetic layer was carried out to 
order The aluminum film with a thickness of lOA or less is formed on the 
field (211) of the first magnetic layer, or (110) a field using the 
ferromagnetic which has bcc structure as the first magnetic layer. It 
oxidizes by natural oxidation or the oxygen radical, said aluminum film 
is used as an aluminum oxide film, and it is characterized by forming a 
tunnel barrier layer by forming an aluminum oxide film on said aluminum 
oxide film in an oxygen ambient atmosphere or an oxygen radical. 
[0033] Each the manufacture approach of the magnetic memory by this 
invention The first magnetic layer and tunnel barrier layer. Two or more 
tunnel magneto-resistive effect components which the second magnetic 
layer becomes from the multilayers by which the laminating was carried 
out to order, In the manufacture approach of a means to impress a field 
to each tunnel magneto-resistive effect component alternatively, a means 
to detect alternatively resistance of each tunnel magneto-resistive 
effect component, and the included magnetic memory The aluminum film 
with a thickness of lOA or less is formed on the field (211) of the 
first magnetic layer, or (110) a field using the ferromagnetic which has 
bcc structure as the first magnetic layer. It oxidizes by natural 
oxidation or the oxygen radical, said aluminum film is used as an 
aluminum oxide film, and it is characterized by forming a tunnel barrier 



layer by forming an aluminum oxide film on said aluminum oxide film in 
an oxygen ambient atmosphere or an oxygen radical. 

[0034] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of 
this invention is explained with reference to a drawing. 
[Example 1] Drawing 7 is the cross section showing an example of the TMR 
component by this invention. With the TMR component shown in drawing 7 , 
only the electron of a wave number vector perpendicular to this field 
tunneled from the magnetic layer 215 which has Fe (211) side is used. 
The tunnel barrier layer 310 was formed by the above-mentioned two-step 
oxidation style, and formed the magnetic layer 115 on it with the CoFe 
thin film which has a field (110). The magnetic layer 215 which has Fe 
(211) side is used as a soft magnetic material layer, and the spin bulb 
consists of this example by using as a hard magnetism layer the magnetic 
layer 115 which has a CoFe (110) side. In addition, an expression called 
a soft magnetic material layer and a hard magnetism layer is a thing on 
a comparison. 

[0035] The magnetic layer 215 which has Fe (211) side was made into 50A 
in thickness, and formed the field (211) chromium (Cr) layer 252 with a 
thickness of lOOA and the. Co layer 251 of the hep structure which has 
the Ath page with a thickness of 500A on the buffer layer which consists 
of a bilayer formed in this order. Moreover, the buffer layer which 
consists of these bilayers is formed on the golden (Au) layer which has 
the field (110) of lOOOA thickness as a lead-wire layer 415. (110) A 
field Au layer (namely, lead-wire layer 415) can be formed by using the 
substrate 515 which has a MgO (110) side. This configuration is the 
example in which control of field bearing of a magnetic layer 215 was 
made with the combination of a buffer layer 251, 252, the lead-wire layer 
415, and a substrate 515. 

[0036] In addition, the Co layer 251 of hep structure also has the role 
which determines the coercive force of the magnetic layer 215 which has 
Fe (211) side. If the gold of the field which is non-magnetic material 
(110) is used instead of the Co layer 251 of hep structure, the magnetic 
layer 215 with Fe (211) side can be grown upi and, moreover, it will 
become the soft magnetic material layer which had the smaller coercive 
force of a proper in it. Moreover, the coercive force of the Fe magnetic 
layer 215 can also be more greatly set up by using the ant i ferromagnetic 
substance. 

[0037] Using the TMR component configuration shown in drawing 7 , the 
thickness of the tunnel barrier layer 310 produced many TMR components 
which have different thickness of 10 to 30A, and measured change of 



tunnel resistance and the tunnel resistance to external magnetic field 
change. The result is shown in drawing 8 . The axis of abscissa of 
drawing 8 is the thickness of the tunnel barrier layer in a TMR 
component, and an axis of ordinate carries out the opposite numeral of 
the value of tunnel resistance. The sunspot in drawing expresses the 
measurement data for every device. Measurement was performed at the room 
temperature. The direct current voltage of 0.05 volts was applied to 
each sample from which the thickness of a tunnel barrier layer differs, 
the current was measured, and it asked for tunnel resistance. Tunnel 
resistance increased exponentially to the increment in the thickness of 
a tunnel barrier layer, and about 6 figures of the value changed. Since 
it shows that electric conduction has produced the relation from which 
tunnel resistance changes exponentially to change of tunnel barrier 
thickness according to tunneling, the two-step oxidizing method is the 
proof of giving the good tunnel barrier layer in which a pinhole does 
not exist. 

[0038] These TMR components indicated change of about 60% of tunnel 
magnetic reluctance to be the thickness almost independently among 30A 
from lOA of tunnel barrier thickness. Drawing 9 showed the measurement 
result. The axis of abscissa of drawing 9 is the thickness of the tunnel 
barrier layer in a TMR component, and an axis of ordinate expresses a 
tunnel magneto-resistive effect (MR) as percent. The sunspot in drawing 
expresses the measurement data for every device. Measurement was 
performed at the room temperature. The direct current voltage of 0. 05 
volts was applied to each sample from which the thickness of a tunnel 
barrier layer differs, the current was measured, tunnel resistance was 
observed, and it asked for tunnel magnetic reluctance. The result of 
having performed same measurement in drawing 9 about Fe (110) side and 
Fe (100) side was also shown. It is clear from these results that surely 
the field bearing dependency of a magnetic layer 215 exists, and tunnel 
magnetic reluctance shows change of 3 or more times according to the 
effectiveness. 

[0039] The value of magnetic-reluctance change obtained by this 
invention is 3 times the magnitude of the value reported to said 
reference 1 which is not taking the anisotropy of a magnetic layer into 
consideration. This fact uses the anisotropy of a magnetic layer 215 
positively, and can say it as what the usefulness of the approach by 
this invention which chooses only the tunnel electron of the direction 
which has large polarizability using the wave number vector selectivity 
of the tunnel barrier was proved [ what ]. 

[0040] Since the reference 1 of the controllability of a tunnel barrier 



layer was inadequate, when it did not tend to obtain a colander if the 
resistance between terminals of a TMR component was with the value of 
kilohm extent, but it was going to lower resistance between terminals, 
by it, it caused a remarkable reduction of tunnel magnetic-reluctance 
change. Moreover, H. Tsuge and T. Mitsuzuka Applied Physics In Letters, 
Vol. 71, No. 22, 1997, and pp. 3296-3298 (reference 6) Although the example 
of a TMR component with the small resistance between terminals was shown, 
the magnitude of tunnel magnetic-reluctance change obtained at this time 
was about [ of having the resistance between terminals small to the same 
extent produced by this invention / of the magnitude of tunnel magnetic- 
reluctance change of a TMR component ] 1/12. As mentioned above, at 
least lOOohms /of lOOM omega /of resistance between terminals can be 
controlled by the TMR component by this invention in 2 mm from 2 ram, 
without spoiling the raagnitude of tunnel magnetic-reluctance change. 
This description is iraportant when operating by low resistance considers 
the application to the head for magnetic-recording playback or the 
magnetic memory of a TMR component demanded. 

[0041] In addition, the same effectiveness as this example is acquired 
even if it constitutes a substrate 515, the lead-wire layer 415, and a 
buffer layer 251 using the sapphire of the 203rd pages of aluminum (11- 
20), Ag (110), Pt (110), MgO (110), etc. Furthermore, it is possible as 
an up magnetic layer 115 to use ferromagnetic alloys, such as the 
amorphous magnetic substance, such as a-Co80FeBSi, and FeNi. 
[0042] [Example 2] As a magnetic layer 215 in an example 1, if Fe (110) 
side is used, the TMR component used as the second example which has a 
little small MR value compared with the TMR component obtained in the 
example 1 will be obtained. In this example, in order to acquire Fe 
(110) side, as shown in the cross section of drawing 2 , using the Ath 
page of silicon on sapphire as a substrate 510, on it, the molybdenum 
layer which has the field (110) which served both as the buffer layer 
250 and the lead-wire layer 410 was formed, and the magnetic layer 210 
was formed for this as a direct buffer layer. 

[0043] Like the example 1, the thickness of the tunnel barrier layer 310 
produced many TMR components which have the thickness from which it 
differs from lOA to 30A, and measured change of tunnel resistance and 
the tunnel resistance to external magnetic field change. The result 
became the same with having been shown in drawing 8 . It became clear to 
field bearing of a substrate to give the good tunnel barrier layer in 
which a pinhole does not exist regardless of the two-step oxidizing 
method. 

[0044] The result of having measured the change of tunnel magnetic 



reluctance between 30A like the example 1 from lOA of tunnel barrier 
thickness of this TMR component is shown in drawing 9 . All over drawing, 
what was shown by (**) at the rectangular head of void is as a result of 
[ for every device of the TMR component by this example ] measurement. 
Although it becomes the TMR value which is a little inferior to what 
used Fe (211) side with the TMR component by this example using Fe (110) 
side, the point which can produce a component now has sufficient 
usefulness depending on the application on silicon on sapphire. 
[0045] [Example 3] Drawing 10 is the cross section showing other 
examples of the TMR component by this invention. The TMR component shown 
in drawing 10 forms the magnetic layer 215 which has Fe (211) side on 
the Co layer 251 of the hep structure which has the Ath page used as a 
buffer layer. Although this point is the same as the example 1 shown in 
drawing 7 , it differs in that Si is used as a substrate 516. In this 
example, the Si02 thermal-oxidation membrane layer 416 was made on the 
Si (100) substrate 516, the TiCr (001) layer which served also as the 
role of lead wire was prepared on it, and it considered as the buffer 
layer 255, and has connected with the above-mentioned buffer layer 251. 
(001) A TiCr layer grows epitaxially, even if a substrate is on the 
amorphous Si02 thermal -oxidation membrane layer 416, and the growth side 
is growing up the magnetic layer 215 which has Fe (211) side in a 
convenient field. Since the combination of the CoFe (110) layer 115 
which constitutes a TMR component, the magnetic layer 215 which has Fe 
(211) side, and the tunnel barrier layer 310 by the two-step oxidizing 
method was the same as the example 1, the operating characteristic of 
the produced TMR component was the same as the result of an example 1. 
[0046] This example is what showed that it was possible to produce the 
TMR component by this invention on a silicon substrate, and paves the 
path for producing the head for magnetic-recording playback, magnetic 
random access memory (MRAM), etc. using the conventional silicon micro- 
processing process. Moreover, compared with dielectric substrates, such 
as MgO and sapphire, a good crystal can purchase a silicon substrate 
cheaply, and it is compared with these, and since thermal conductivity 
is large, the thermal load at the time of processing of a magnetic layer 
is reduced, or it has a merit, like control of the operating temperature 
of a TMR component becomes easy. 

[0047] [Example 4] The head for magnetic-recording playback was produced 

using the TMR component of this invention stated in the example 3. The 
structure of the head for magnetic-recording playback is shown below. 
Drawing 11 is a perspective view at the time of cutting a part of record 
reproducing head. The part whose TMR component 51 was pinched in the 



shielding layers 52 and 53 works as the reproducing head, and the parts 
of the lower magnetic pole 55 which sandwiches a coil 54, and the up 
magnetic pole 56 work as a recording head. 

[0048] the TMR component which carried out SiO two-layer formation as a 
buffer layer, and stated continuously the sintered compact which uses 
aluminum 203 and TiC as a principal component to the front face in the 
example 3 in the spatter as a substrate 57 for sliders in drawing 11 — 
molecule beam epitaxial growth (MBE) — it produced by law. It was made 
for the thickness of each magnetic layer which used for the shielding 
layer and the record magnetic pole the nickel-20at%Fe alloy formed by 
the sputtering method to be the following. That is, the up-and-down 
shielding layers 52 and 53 used the alumina which formed 1 micrometer, 
the lower magnetic pole 55, and the up magnetic pole 56 by sputtering as 
gap material between 3 micrometers and each class. The thickness of a 
gap layer could be 0. 4 micrometers between 0. 2 micrometers and a record 
magnetic pole between the shielding layer and the magneto-resistive 
effect component. Furthermore, spacing of the reproducing head and a 
recording head was set to about 4 micrometers, and also formed this gap 
with the alumina, Cu of 3 micrometers of thickness was used for the coil 
54. Since the sensibility of a TMR component improved by this invention, 
the sensibility as the magnetic head also improved, it was able to 
become possible to detect the magnetization condition of a smaller 
magnetic domain, and recording density was able to be improved by about 
10 times as compared with the former. 

[0049] [Example 5] The example which applied the TMR component by this 
invention to magnetic memory is explained using the production process 
Fig. of drawing 15 from drawing 12 . From drawing 12 , in each 
production process Fig. of drawing 15 , (a) is a mimetic diagram and (b) 
is the cross section. The magnetic memory of this example has IEEE 
Transaction on Magnetics, vol. 33, No. 6, November, 1997, and structure 
similar to p. 4498-4512 (reference 7). 

[0050] First, as shown in drawing 12 , the laminating of an insulating 
layer 416, the word line layer 420, the layer insulation layer 417, a 
buffer layer 255, a buffer layer 251, the soft magnetism layer 216, the 
tunnel barrier layer 311, the hard magnetism layer 116, and the contact 
layer 421 is carried out one by one from the direction near a substrate 
on a silicon substrate 516. Next, as shown in drawing 13 , according to 
a lithography process, the word line layer 420 and all the layers above 
it are etched, and a word line pattern is formed. Furthermore, according 
to the same lithography process, a buffer layer 255 and all the layers 
above it are etched, and X lead-wire pattern is formed. 



[0051] Furthermore, as shown in drawing 14 , using lithography and an 
etching process, a 216 or more soft magnetism layers layer is processed, 
and the memory cell part which stores each bit information is formed. 
Next, as shown in drawing 15 , the layer insulation layer 418 is formed, 
the above-mentioned memory cell part is embedded in an insulating layer, 
and a contact hole is formed in the upper part. On this layer insulation 
layer 418, the Y lead wire 422 which has electric connection in the 
above-mentioned contact hole ****** and the contact layer 421 is formed. 
Next, the further layer insulation layer 419 is formed and a bit line 
423 is formed on it. Each of a word line, a bit line, X lead wire, and Y 
lead wire is combined with a circumference circuit, and random access 
memory is formed. 

[0052] As for the memory by this invention, the drive method differs 
from the point using the TMR component by this invention with the 

magnetic memory of reference 7 into the part of a memory cell. In the 
above-mentioned memory cell, three layers, the soft magnetism layer 216, 
the tunnel barrier layer 311, and the hard magnetism layer 116, form the 
spin bulb. 1-bit information is held according to the magnetization 
condition of the soft magnetism layer 216. 

[0053] In case the information on the address (1 1) is determined, a 
bias current is generated in a word line Wl, and a sink and the sum of 
the field which passes a current to a bit line Bl further at coincidence, 
and both generate make only the perimeter of a memory cell of the 
address (1 l) generate a larger field than the switching field of the 
soft magnetism layer 215 in a memory cell in drawing 15 . 1 of the 
information written in the memory cell of the address (1 1) or 0 is 
determined by the sense of this field. Since the switching field is 
sufficiently larger than the switching field of the soft magnetism layer 
215 and magnetization of the hard magnetism layer 115 is set up at the 
time of write-in actuation, it does not change. Moreover, only by the 
field which the bias current of a word line Wl generates, since 
magnetization of the soft magnetism layer 215 does not change, the 
magnetization condition of other memory cells on a word line Wl is not 
changed. Read-out of information is performed by detecting the magnetic 
reluctance between X lead wire and Y lead wire. That is, if resistance 
between the X lead wire XI and the Y lead wire Yl is measured, 
resistance of the memory cell of the address (1 1) will be detected, and 
the information on the address (1 1) will be acquired. 
[0054] In this example, as an insulating layer 416, as the silicon 
thermal oxidation film and a word line layer 420 Niobium (Nb), As the 
silicon oxide formed by the spatter as a layer insulation layer 417, and 



a buffer layer 255 (001), TiCr, Fe which has a field as a buffer layer 
251 as the Ath page of hep structure Co, and a soft magnetism layer 216 
(211), Niobium (Nb) was used as CoFe and a contact layer 421 as an 
alumina tunnel oxide film with a thickness of 12A produced with the two- 
step oxidation style as a tunnel barrier layer 311, and a hard magnetism 
layer 116. In addition, in order to control the coercive force of the 
soft magnetism layer 215, it is effective to use the CoFe alloy which 
has a different presentation. Since the magnitude of resistance change 
of a TMR component improved by this invention, information can be stored 
now in a soft magnetism layer, and the detection sensitivity of a memory 
cell magnetization condition improved, consequently non-volatile 
magnetism memory more nearly high-speed about 5 times than before was 
obtained. 
[0055] 

[Effect of the Invention] According to this invention, paying attention 
to the point with an anisotropy remarkable in the polarizability of a 
magnetic-substance crystal, only the tunnel electron of the direction 
where large polarizability is expected was chosen using the wave number 
vector selectivity of the tunnel barrier, and change of very large 
tunnel magnetic reluctance was realized. By this, 60% of values of 
tunnel magnetic-reluctance change was realized, and the sensibility of 
the magnetic sensor using a TMR component improved from 3 times of the 
conventional technique to 10 or more times. Consequently, the head for 
magnetic-recording playback of high sensitivity is obtained more, and 
magnetic recording density can be improved to about 10 times over the 
past. Moreover, if this TMR component is used, the magnetic memory whose 
read-out rate is 5 or more times over the past can be obtained. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the configuration of a tunnel magneto- 
resistive effect component. 

[Drawing 2] The cross section showing the example of a configuration of 
the tunnel magneto-resistive effect component by this invention. 
[Drawing 3] Drawing showing the method of forming the alumina ultra-thin 
film for having the thickness of 13A or less. 

[Drawing 4] Drawing having shown that faceting arose at the time of 



formation of the alumina ultra-thin film which has the thickness of 13A 
or more. 

[Drawing 5] Drawing having shown that degradation of the alumina film 
took place with the crystal grain produced at the time of formation of 
the alumina ultra-thin film which has the thickness of 13A or more. 
[Drawing 6] Drawing having shown the method of forming the alumina 
ultra-thin film for having the thickness of 13A or more using a two-step 
oxidation style. 

[Drawing 7] The cross section showing an example of the TMR component by 
this invention. 

[Drawing 8] Drawing showing the tunnel resistance of the TMR component 
using Fe (211) side, and the relation of tunnel barrier thickness. 
[Drawing 9] Drawing showing the tunnel magnetic reluctance of a TMR 
component which has different field bearing, and the relation of tunnel 
barrier thickness. 

[Drawing 10] The cross section showing other examples of the TMR 
component by this invention. 

[Drawing 11] Drawing showing the head for magnetic-recording playback 
using the TMR component by this invention. 

[Drawing 12] The production process Fig. of magnetic memory using the 
TMR component by this invention. 

[Drawing 13] The production process Fig. of magnetic memory using the 
TMR component by this invention. 

[Drawing 14] The production process Fig. of magnetic memory using the 
TMR component by this invention. 

[Drawing 15] The production process Fig. of magnetic memory using the 
TMR component by this invention. 
[Description of Notations] 

51 [ — Coil, ] — A TMR component, 52 — A shielding layer, 53 — A 
shielding layer, 54 55 [ — The second magnetic layer, ] — A lower 
magnetic pole, 56 — An up magnetic pole, 57 — A substrate, 100 110 — 
The second magnetic layer, 116 — A hard magnetism layer, 200 — The 
first magnetic layer, 210 [ — Soft magnetism layer, ] — The first 
magnetic layer, 211 — A magnetic layer, 215 — A magnetic layer, 216 
251 [ ~ Lead-wire layer, ] ~ A buffer layer, 252 ~ A buffer layer, 
250 ~ A buffer layer, 255 300 ~ A tunnel barrier layer, 310 ~ A 
tunnel barrier layer, 311 — Tunnel barrier layer, 320 — An aluminum 
thin film, 322 — An aluminum layer, 330 — Alumina layer, 331 [ — 
Lead-wire layer, ] — An alumina layer, 333 — An alumina layer, 400 — 
A lead-wire layer, 410 415 — A lead-wire layer, 416 — A Si02 thermal- 
oxidation membrane layer, 417 — Layer insulation layer, 418 [ — A 



contact layer, 422 / — Y lead wire, 423 / — A bit line, 500 / — A 
substrate, 510 / — A substrate, 515 / — A substrate, 516 / — A 
substrate, 800 / — External magnetic field ] — A layer insulation 
layer, 419 — A layer insulation layer, 420 -- A word line layer, 421 
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hy^jmfs.&mim (tivir) ^cs^<li^-bv^^— 
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[0 0 0 3] TMRS?B, mMzmtJaoiz., hV* 

;b/ 7)1 3 0 0 «|g-©S2lttftJi 2 0 0 RZfm-<Om 
lifts 1 OOTm/cmSit^, CCT-. 
#S 2 0 0 ti. StS 5 0 0 <0±lzBlS.^^tc iJ - KilSS 
4 0 0a)±lCfBfi)6*ti, ^SP^aillKltffiii5S?tl3, S 

5, C*l6za!l©ES14#l 1 0 OStf 2 0 0*<M5:5 
«lS^^^-r«Ji^^ ^3552^8 0 0 ©^WtmU 
Ts ^?S14i*®1 0 0, 2 0 0©Sai<b©lP]*®M«««. 

[0 0 0 41 ±BBraS©58ttf*Ji 10 0. 2 0 

(BSSftJi) 3 0 0 Lfc H V*/bffiait I iB«3itn3. 
h>:*./bafitR*i«, R = V/|-p:tlST*5o 

^■^immRo^f^-^mmtit. ±5B5Kttf*«i o 

0,200 P^<DlS^k(7)lRl?«TA^JgiFtT-?»5*HC J: 

oTv h>*;wgmR*.Sik-r5, ^gpss^aootcj: 

^TS^kfS T M R|g?<0 h >*/Ujg)5iR©S<k«aJ* 
[0 0 0 5] 

[li§WAW;^{L<t:-5i:-r5MM] ±13 h V^wUgJnRro 
ItftS 1 0 OO^^ffi^P 1 tBSItftS 2 0 0O»ffi$P 

h>^-/U}gfixROS<bAM#6+i5o 
[0006] r^j^^j ssttft® i^gcD h v^^u 

[0 0 0 7] h>*;WE»ltS4-r«S?« 



*j s^iTs h>*;uffi«tR<DS{b«SfiK-r 

[0008] 

«o C<;)J:3&m?tt!m4v (1) 7i;U5S#ja<Dl 

(2) hv^/ug^sicsii crsto 
■6. hv;?./^/^■lJ7(7)Jf3f:&|pl^c¥^T) saa^^^h/i/ 

[0 0 0 9] ±!B (2) (DSKtt. h>*;U/^U7<DiS 
»'<^l>;USiR1ttcJ:oTtn:6?n5t.<DT'$5o E. 

Wolf," Principles of Electron Tunneling Spectrosc 
opy," (Oxford University Press, Oxford, 1989), p. 
23. ilcm) tC^JtlTt^S-t-plC. Tiuzi-m^m 

mi^mmm'tM<. )m^<7 h/i/*^ h > 7© 

^:&lRil5:aieSB)6»«i#o J: o icSS i^SS^ttt 
atlca'i^-rSo /^'J7S*iJ«2eV. hv*;l/y^'J7© 

9*1 OAs 7i/b5U'<;U5eV:&ffiSr5i:x ^-O 
2jafflWl/e (e :S«S3*»OK) 
S«l*l^i5«»'<^' h/UO*-r^Stt. ffl6SC8JgSJg 

*^6> +5JtC¥ffitt6^5t«3-tlfchV^^;l//^'J7«^ If 

lix Yoshikazu Tanaka and Nobuhiko Sakai, Yasunori 
Kubo, and, Hiroshi Kawata, Physical Review Letter 
s, Vol.70, No. 10, 1993, pp. 1537-1540 iScM^) \Z 
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[0 0 10] J^±(cii^fcJ:3«s 

±^i^iim^^^t^i5mt (2 1 1) Hi: (1 1 0) 

[0 0 1 1 ] Iil2li. *5g^ltJ;5 h>?wU5SSOgin2E 
iCElT-^So E!2^^:^3L^Ts ^-<DBSttft®2 1 0. h 

>t^jby^ij7i3 1 ost;^=a)5Sitt<*ii 1 omm 

«ji!b'<TMRiR?S«lfigLTt^5. fc^'U H-CSStt 
2 5 0©±tCjgB8?tlTiiy. CO/^'y77'J12 5 0O 

SSttftjii 1 0©^t^©iBaiiSAi«. I'V*;U/«'J7'H3 
ft® 2 1 OA^65S1t#S1 1 CNhV^s^U-r^^fi^ai* 

z<Di^otim^mt. mmic. ski* 
#■2 1 om-^mizmtim¥Bmizmmrsmw[^<7 h 

^WM2 1 Oa)iS^Slci:-0i!gBlSSS.S;-6HcJ:-pT. 

5att#i2 1 om^&tii^ibmomiii^^^m^ 
[0 0 12] ±!B#^©*sa:&ffitt. m&mi i o* 

SC:i:6^Rl#gT-$«aS1ttt:^6l*\ Ctl^iStt*® 2 1 

[0 0 13] *3gw*^iSJas^c^5l^T. ±fB©*ij«sf 
^mi'^tcmmm^m^nmimmi i os^iot 

(2 1 1) ffl^ffl^,^5TMR^^^6^5t,:*:^Shv*/^ 
^/TxLftt©*'* (110) ffiSffli^fctciisy. 

ffitts (211) ffi^ffllNfctODCDB 0/\--bV hSS 



<!: S -3 /Co ^-Offtroffl^ ffll^fc T M R jR? T'tt. ( 2 1 
1) iSSffll^/-cJi^©2 5/\'— b>hWTi«:ofc. C 

*i6©*s«6^6. ^mm^mt (211) iSTsy. 
(110) m'^mT^mz.tmmL 

[0 0 14] His. /\'->77)i2 5 0©i»ga*ffitts 

0TJi(^ 'J - mm 4 1 0 <7)igft73f4i:: J: o ras ti s 

S/c. ^0'J-K*IS4 1 0(DliSB^B7^ffi(*. ?6tCT)i 

comms 1 o<ottiii4ossiso=^<DiSBi^ffiic<fc-pTi* 

tSOli. /^y77l250. V-mmA^O. SZ>~ 

s^g5 1 0(Dtti|!4«)a!Sst>-igfB?^te©iia*'^iD-a:T$ 
^tmoctittji^. tziT. hv*;u/^'';7S3 1 

06^^;b%;^l!j'^'?h;l/)Sil?^B.!:SS/i:«)lctt. SStt 
Wm2 1 02^t/=BI1£«ai 1 0^(D%^SH, mATS 

T« r-mmtmj tv^^s^mizjav hv^/uytuT' 
je3 1 oommnntco 

[0 0 15] 1cm ^IfH. Tsuge and T. Mitsuzuka, A 
pplied Physics Letters, Vol. 71, No. 22, 1997, pp.32 
96-3298 iims) ^O-mamCTTiitlTl^^^o 

5o E13~E16tt. 5K14f*ii2 1 ^ tLTf3i (Fe) ^ 

stf. -fo (00 1) m(ommicTi\/5-'yLMitm 

mcntcmz. 036^6121 6 ^^:*i^,^T. Pi;«l5iaJ» 
lCttlPlL;##€f*L/j:o 

[0 0 1 6] 03 (a) tt. @iSKSg■«ffl^,^TBStt 
ftii2 11 (8*ro (0 0 1) E) ±tc. iiSltcj:oTi 
0 AJ.XTO/I?©7;U~i:'?A»fli3 2 OSJ^figLfttt 
>ffi^5^LTl^5o 7;l/5:i'i7/»,a)WT5r*^+5J»L^ (1 0 

T. 7/1/5 --Ji**^ (00 1) FeE^HaWc^SaU 
F eO^B^HS^JgiSiLTx (001) ffi^^-r«7;b5 

;:'>A-»li3 2 06«**i5„ 

7;U5^C7ZxaiS0!)RHEED (fil5fBx*;U=tf-ffl? 

msiOttSiO) (0 0 1) iB©F5lc. ffittTTJiSffffi 

mmttXmKt^t. ±i3RHEED/\°^t->*i«7^ 

tt. 03 (b) /T^Lfccfcdttv fi^«)T¥^Btt©iSl^7;^ 
5 :M 3 3 0 immitl. SJf h ^' 'J 7® i: 
(001) F eiS0S?®6Mf 6nfcc:i:*/T^LTl^5„ 
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[0 0 17] 134 (a) izmLtciioiC, T'yUS 

zi'jL.^jtyiK (1 oAJe(±) isa-rsis z/usr 

(001) iBtCjDjls (111) iB%*-rSt^t) 
«>577-byx-fVWez:yv 7;U5:i'>A3 2io 
SStctt/JxTtJ&miflA'tSUfco RHEED 

S?S«~X^«ALTt,R H E E D/\°^f->l4^^ft7^ 

04 (b) tc^Lfccfcatc. 7;U5r';7L>©i?<k 

5 :>-S 3 3 1 mmmtco z:0«>fl71is (001) 
^iRKDajS^-? h;U03/^Sef\ (1 1 1) :&lfil<0;fii$ 

/.ffiSiifb-rsctT, 1 3Ajj(±©fftr«^i-«+« 

[0 0 18] hV*;b/«'J7<DJi*«1 3AJJU:tCJKfi8 
■rSCiitts TMR}!l?(Dlttti6iJ«8l©t|jS6^6Jila7* 

3^fco 05 (a) Stf (b) tt. 03^C5=^Lfc^a7\ 
1 3AiXT©IS3^«)7/b5:M3 3 0=&mfi)6-rSjaa^ 

7/b5-'i;/*^1 0AJ-XT<Dii?T-^3iLT> 7;l/~- 
'?i*S3 2 2^ffJfi£L/-c«m «5eMlC05 (c) IC 
/TxStiTt^^o ZOm-B. 04lc,T^L/j:77-b-yx'f V 
^^ti* 7;U5 - •;;a<D7;I/5 :^a®T<0;l+l 

y^Sil»ll!llcifil,N7;l/5='5L,IS3 2 2m^^*l 

tco "from. wmmMt^imtitiiz>T7i\/i±B3 
sTM/AFM«ffl^,^fc3^lss^^6^6^ mtmciSH 

^!b^fS4U ajf^ h>^^/l//<iJ7?tttAM#6nSA^o 

[0 0 19] *f|B^T«> 06lCT^L/-c<f:a:& 

r-SPg^^b^j ^MflLfco 06 (a) , (b) 
03i:ll^tC. 1 3AJ.XT<DJ^^CD7;^S:^S3 3 0* 
JKfi!t-r?)jag&/T^LTL^5„ mc. 06 (c) tCg^-TJ: 

Tx 7;l/~-':7/,^^3»Lfc<!:i:5. StgfcB06 

(c) ic,xx-rj:3ic. Ti\^^i-m3 3 3m^ttitzo 

7;U5 3 3 0 ©±U:|1 CilftMf a6S7;U5 -^13 3 

3mmt?>z(D:^mx^it. mnt^<o^^^mtmt 

^t^tm^mnLtc^^. i oaa^ssoawisiis 
x\ SffSh>*;u/<U7!|tttAWll**ift= nm^ 



[0 0 2 0] tC^T'. 06 (a) Slf (b) ©T'P-tr 
XS^L^T» K14#H2 1 1 ammo (001) F eiS 
«lli!63?H«*lE«*, 06 (c) ®J:5«:7;U5tJi 
jefig^ffoTts S»*hV*/U/^'J7Jif«#6*l«: 
l.\ ftlfSSs Tl\/5i-t (00 1) FeiSOjinitA'* 

4606 (b) ©c}:-5&»l^ (1 3AJ.XT) 7;l/5:M3 
3 O^J^fi)6LT33< iIi:*i^^RriS!&©7-$«„ 
[ 0 0 2 1 ] 0 3 ©WB^T'tJEA:/-.!: oit. 10 AJ-XT 

©7;us-':7AKiiT'$n«\ iit/vE<Dmiiwmicii 

Ji3 3 06TO7*/£:„ Lfcti^oT. ^SPgS^btCJ:* 
/^•J7J^fiK*^T'SSo 

[0 0 2 2] mwf, 04©*a^cfel^■^■. mmmi 
1 itLT, 7/U5-'5A© (111) iBictt?e^-r 

5«ffi%ffll^ntfx 7;b5 (00 1) BBSJKbR 
■ttfs e«J6^6 (111) li^JBfiEfSo COH^lttt 
77'-b>y7^'fVWieil6-r. JFS!S:hV*/l//«y7!B« 
Ljb^L^fi^S. <:0:^j567(i5Stt#«2 1 1 

[0 0 2 3] ±lciJi^^Lfc-S|!gS^b-2(cfcW 

tt. 7;i/c-<:7Zx(Dis<basgxs^a(c9A^n/-cis 

j!Hc«tSi«SI8fblEJ:oT?5^fcfl«, C*i«UV*V> 

3?H^lcJ:oTI8fb=&ffa<!:s <fcy/^U7iB#©iSl^ h 
>*;U/^';7JiSJgBl6-r*2:i:*>iaj«/-Co citvtcj:^ 
hv*;HK«ffij5i©Sfb». g™blcj:5Ji^<D 

2fgs^(cifspLfc„ znvm^tc-mv^mitrnt. ¥ 

(Omt. TMR«?©hy:?.;l/}gj5x<7)fig#5'Jx?<L 

[0 0 2 4] «±«$t46*i:, r-|8|!g|(Hb^j t 
it. 7;l/5r'?L.!!j5±£S^JiffiiSiitc«J:<ii*i«ttS 
*f Jffl 1 0 AJJ(T07ib5 ^-^ZxH^JSIt^^SS 
ffilcjgfiE LT cn^g«Sil<bXtti!^5 v*'*;n:: ^ y 1? 

5. 7;U5:^»llfl5fiES£T'S5„ 
[0 0 2 5] iH±m<rci:oic. *fewici:«hv*;U 
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Httbcciiit«^-r«3Sfflittf*T'»ys n-osaiitf* 

(2 11) iBXtt (110) ii7*5Ct«1t8l:<!:-r 

[0 0 2 6] b c cmm^^tmmit»tL-zit. 
Iv mn0:>{iKl£f4i:5(Dlii)$7»l;!rti/i:$Jiigi%fi^% 

b c c«3t«^-r5a58ttftT'St»> f^-mimmt. 

(2 11) iBXtt (110) WVto^Zt^mitt 

[0 0 2 7] m-®8Se#;®i: h>^^;U/<;'J71i:<D« 
^H6^S-<DlStt«:®<0 (2 11) fflT■»5^:^^ /\°-y 
7 7®^LTtts h c p:^jg«Wr5ri/SVl/hXtta/\" 
/l/h-'?aA^&<DAffi, be c«l3i*#-r5^PAO 

(2 1 1) f c cmm^Mt^^oi (1 1 0) ®> 

mt-^^^i/'^L.ffi (1 10) ®, ^^7'<T(0 (1 1 
-2 0) Xtibc c*i3i%*-r5^^'>'?PZx^^ 

© (0 0 1) aBstsictis^iUiJJLbii^^to-a- 

[0 0 2 8] m-<DSSttf4:Jgi!]|t««£B^B7igU. ^-OM. 
(^(110) ffiT-»5i:t, /^y77'S<!:LT^i^ be 

cSii^^-r5^iJ77=> (1 1 0) Bs bccsiii^ 
#-r5^>-?":^xv (1 1 0) Bs be cmm.^Mt^ 

^y^t\^ (1 10) B. X(*bc c«l5i^^-r«^PA 
(1 1 0) Bs S?)lMiiItl5^mJ-X±iB*^^fcitT 

[0 0 2 9] m-cD5atti*®6'«#*£BlT-«y> ^-058 

© (1 1 0) B7*«i*v /<:v77'JitLTtis f c 

cmmimt^^moi (in) B3(»h c 
ri^m(D (0 00 1) B. »«tsicti6s-sjj(± 

(2 1 1 ) BX« (110) ®6^6 1 OJtlXrtWii 
*^^-r«ieBlBT-«^TtJ:o\ 
[0 0 3 0] *^WICJ:« hV^^UfflSMfiSiSi!!**? 



;HiK»jgl5ia«o583iic«^Rri«:Ti65. •^■©/•ci&s * 

?Kttf*Ji©«B£:^=&J3ull::*iJ«BILT. S^i^ic*?!**** 

*/U/tiJ7'Ji()!)S«ffliJ®S-<DS8tttt:«B±) tCs J:y 
[003 1] 4:%R^(c<t:% hV^/UflSStj&j^mm?- 

s h y^im%mssiwm,^<i>m.-^mm\zmit^ 

[0 0 3 2] *^B^lCct5JSg^-y K©iaJI*;Stts m 
-©SStttftiits m:Z0?5Stt^*S 

i:fl«iiHicaji*nfc#jiffii«<iji5sa«^7 )r<omi5 

SlCfcL^Ts S-©5Btti*:SiLTb c cfll3fi**-r5 

mmf.^my.\ m-ommmoi (211) bxw 

(110) B±lCl?* 1 OkiSkT<r>7}\^s.-'^Lm:W, 

yus^'^AKiblS^J^filc-r^c.hicjjoT h 
[0 0 3 3] ^^mzii^w&.}t=E^)<omm5mt.. § 

®»i§*ailcfcUT. «-<D5att#JIiLTb c cm& 

^MtmwsLW^m\.\ ^-ammma (211) 

BXtt (1 1 0) B±ICJI3-1 OAiXTcoyyUS^-i^A 
H^J^fiEUs MIB7^U=-'?AIS^i^K<bXttK^7 
v''*/U!:J:yffifbLT7;l/5=^7AiS^b^<h S?^1? 
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[0034] 

mmm d 0 ? a, *36bskj:3 t m r jg^o-fiy* 

F e (2 11) ®%^-r«5Sttft®2 1 5 6^6 

l^5o h>^wb/\'U7a3 1 OtiHiia!<0-|ft|igS^k>£t:: 
J;oTJ^fiE?*l. ?-(D±lC. (110) E^^fSCo 
Fe»MtcJ:oT5Sttftl1 1 S^ffMLfto COfJiJT 

li. Fe (2 11) m^^t^m^wmi 1 5««:5Stt 
i*jii:u coFe (110) m^^tim^wm^ i 

[0 0 3 5] F e (2 11) m^^t^mmmi 1 5 
j¥*i ooA© (2 1 1) mi^au 

(C r) JB2 5 2i:JI*5 0 0A©AiiS^-r5hcp 
mmoc ol 2 5 1 «s c:(7>|iiT'JgfigL/-c-HA^6ftS 

/^y7 7Htts 'J-Ki!i/i4 1 5i:LT©1 OOOAJI 

© (110) s^wrs^ (Au) mo±izmmihi: 

U^5o (1 1 0) HA u® (t^to-6'J-K$814 1 
5) t*. (1 1 0) MgOm^^t^SmS 1 5«ffll^ 

•>77'®2 5 1, 2 5 2. 'J-K«l«4 1 5s StfSlfi 

5 1 5om^^t)mz^*j. mt.i^m2 1 5(Dii3^«ta> 

[0 0 3 6] His. hcp«S)i0:)CoJi2 5 1»v Fe 
(2 11) iffl*#-r5li8ttf*12 1 5©ffi5B^«3iSt- 
SieSiJtltoTl^So h c p«jg©C oH2 5 1 ©ftt) 

yic. (110) ffi(D^*fflt^tl^^. f 

e (2 11) ®^iton:«Stt#Ji2 1 5!bWr$. L 

e5!S14ttl2 1 5(D^mtl^^'J±^<Wi'&t^Zt'h 

[0 0 3 7] 1217 tt^x L/C TMRS?«fiE*ffll>T. h 
V:t-/b/\''J7^3 1 0(Dmt[U^ 0AA^5 3 0A©SS 

Lfco •?-®es€ig8ic,T^-ro 08®siatts tmrii 

ton/Co h y^^iv/K i; ziwujwM^rs^imtc o . 
0 5 h ©ila^EttE^JiP^TaaS^ai^ h >*;U 

©iiUnttWLTJglKMaWlciajllPL. iE-©ffitt6«feig 



[0 0 3 8] cnSCTMRjR^tt. h V^/l/Z^UTS 

jf 1 0 A6^6 3 0 Aco?sT\ ^(om^t{tmmm% 
It. *56 0%©hvt-;nlM«tfii©Sfb*mL/-Co 

m^i^^^TjiLrcOitmoT'io^o m9(Dmmit. tm 

R^?*©h>;?^;U/<U7'l©Ji?T£y. h 
V^^/UiiS«}aj5taS (MR) bVhmT^Lfct 

miomrji^^Mniz o . o s .itvu h ©sssie^iip^ 

@^«$i6/-c. 09(Ctt. Fe (110) iSJ^t^Fe 
(10 0) ia^^:ol,^T. l^«©3!IS«f7o/-cest./T^L 
/£. 5Ktt#:H2 1 5©ia*ffiflc??1t 

!6i«Si!bSci?aL. •?-OJa«tcJ:oTs hv*;U5K««Si 

[0 0 3 9] *^B^T1S6nfc5a«SJnS^b©fitts ss 
ttf*S©S75r14*%«LTt^*^.^MS33ti851 izmtEti 
Tl^«fii©3fg©±##i:SoTl^So C©»llli. SS 
tti*Ji 2 1 5 ©S:&14^«<SWlc^Jffl K y^^llJ K >J 

5^lR)© h>twm?©«^WR-r^*|g0^tcJ::5^» 

[ 0 0 4 0 ] iiK 1 Ttt. h \" "J rmmmm 

^+»T«5fc46s TMRR?©4S?HaEm«+P:<-- 

fcs H. Tsuge and T. Mitsuzuka, Applied Physics L 
etters, Vol.71. No. 22, 1997. pp. 3296-3298 {Sm 
6) 7«> Sffi?F5«jn6'«'J^?l^TMR«?©«iJ*(%*n 

^fr^ T M R^?© h v^wl/KMfficK^fb©:*:^ ?© 
1/1 2WS.T:tbotco J-X±©<fc7lc> ^JIP^lCcfcST 

C<!:S<. 1 0 0Q/mm2i{)^e^ 100M 

IVIR|g?©HS«EgS^'\-y K»«lM*58»p<t 'J's 
[0 0 4 1 ] *ll«SfiiJi:ig«©8(imti. S«5 1 

5. ^)-mmA^5. st>v^y7za2 5 1* (i i 

-2 0) A I 203S©+J-77'l'7v (IIO)Ag. 
(110) P t. MgO (110) ^^ffll.^T«fi)6LT 
tifStlSo ±SP5Kttf*^1 1 5iLT. a- 

C 080F e B S 1 Sii©7t/U77'XliKtt#. Stf F e 
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[0042] mmm 2 ] mm\ 1 izm^mtm 2 

^5tLX. Fe (110) m^mi^it. SiafflllT 

flujT'ttv Fe (110) m^m^tcibic. m2<o«imm 
1 oi:**tfe/-c (110) m^^t^=E*j79ym^m 
[0043] mmm^tw\m^z. h>^-.yb/^'j7S3 1 

OcOg^AM 0A6^6 3 0AST<DS^5ll?5*-r5 

[0 0 44] C®TMRSR?0. hV*;U/^'J7HJf 1 

0 A 6^ 6 3 0 A h V*;HK»SSi<^a<b«* 

5o m^T\ etfe$a)Egfi7- (□) WxL/ct,«7)*\ * 
mmm ic j; t m r ig?©^ k x c- roju^ng^T- 

Fe (110) E5ffl^,^fc*Slli^5lJ^^:J:5TMR 
«?T1*^ Fe (2 11) m^mi^tc'^OlZ^'f'^^T 

[0 0 4 5] CllSfe^lJS] @1 Ott. 4:^qi(Cj;STM 
Rill?(0^O«iJ$/Tx-rBra^£e@7%«o 131 OlcmL 

h c p«3g£0CoS2 5 1©±lc. Fe (2 1 1) iB« 

WrS58tttt:H2 1 5Sfl5fiKLTl^5. Z(Dm. 07 
tCT^LfcHlijJiJl i:PL;T$«6\ S*55 1 6i:LTS 

1 ^mi'^xi^^^tm^T^.^^o :^mmmi:-{t. d o 
0) s i s*g5 1 6(o±[ts i oimmimmA- 1 
fpy. i<o±izu-mo)'i9imm^tc (00 1) T i 

Cr^^iSttTs /<>y77l2 5 5<!:U ±gB/^-y77 
S2 5 UCSiSLTl^So (00 1) T i C rli«, T 
iW7t/U7 7XT$^S i OzmStimMA 1 60± 
TSoTtitf^+>>-\';Ufi!6fiU ■?-©fi!6fiiB3b'«F e 

(211) ®^«-r558tt«:Ji2 1 5*fieg?-a-«<DJc 
IP^(DSt^i5tCfi:5t>li-Tife5o TMRi|l?*«|^-r5 

(110) CoFeJil 1 5v Fe (2 11) jBS^f 
5?K1tf*Ji2 1 5. Stf-S|igBlfbS6l::J:ShV*/U/^ 
IJ7S3 1 O0iifl*^b-ltttllJS«iJl tMlliSWT. 

ii?nft T M R m^oiSim^it. mmm i oest n 

[0 0 4 6] *llflSfiiM. *f8RllCJ:STMR«?:&i/ 



p<=EiJ (MR AM) fifJROS/'JaVtSiiliniv'P 

□ v««ttv M g o^p-^yT^Tti^mmmmcit 

TSfte»*««**t>fc46> ffl5ttf*Ji(3!)JlPIIi#tcRltSSSft 

w&?5/)M£-a«*tift y . T M R m=f-oihi^^mmmt'^ 

[0 0 4 7] [||ffl!«lj4] ll«ifilJ3 7-ai'<ft*58B^a)T 

ntE^m^m^'v i^'oimm^itiTizmto lai u*. ib 

T M R 5 1 ^->-;U K® 5 2 , 5 3 7m/cgi55J*^ 
S^'V'y KiiLT®*. =l'r;U5 4^SlEt;Ta5il1S5 

5, ±mm5 6(Dmmm^y \''t uTffl<o 

[0 0 4 8] Ell 1^Ctel^T. A l203' T i CSifig 
iBlc^/^y^iSStcTx /^y77'Si:LTOS i O^mi^ 

figu !gg^,^TllSselJ3T?J^E'<fcTMR3l^?€^^f^^-i. 
ifc;di+->-v;u^ft (MBE) aTmaUfco F 
f3^5!Sffilz:ttX/\°-y^f'JV-9'a7?^fi!6L/i:N i -2 
0 a t %F e^&^fflt^/c. ^SSttft/KDM/IW. IXT 
ai^o\zLtc. trst>-^. ±T©->-;UKii5 2, 5 3 
ttlMm. T8l31iSffi5 5s ±Si5lKffi 5 6 (i 3 ju m. $1 

mmmm^f^xo. 2fim. iBssissF^Ttto. 4^ 

5 4 3 ju mOC u Ufco J: oT 

TMR^?©S5gfl«lRl±Lfcrci6x SSSl^v LT© 

[0 0 4 9] mmms} m 26^51211 5<DSijiis 

S^ffll^Tv *^0^lcd;5TMR^?^5Sttp<^';icJg 

fflL/i:^fiJ^c^l^TS^B^■r5„ lai 2*^6^1 sro^iiit 

ISl!^cfct^T. (a) tSTSIiieias (b) li^WBr 
WmmX'th^o **)iffiJtDK'ttP<^'Jlis IEEE Trans 
action on Magnetics, vol.33. No. 6, November, 1997, 
p. 4498-4512 (3tiSJE7) \zm\mm&^Mt^o 

[0 0 5 0] t^t. m 2{c5^-rj;^ic. ->';=! vsffi 

5 1 6±lc, S^fi^CJfit^7^6^6. «feii^4 16. 7-F 
«l»4 2 0. 1P^*&«S«4 1 7. /W77'Ji2 5 5. 1% 
•y77S2 5K l!i!SBHtJB2 1 6. hV*;l//^'J7S3 

1 1 . 515^141 1 1 6. :^y^^ VMA 2 1 ^mimm 
'^\z. ill 3\,zmti^o\z. 'jv^f'yy^-xm 

iCioTx 7- KSg/\°^'-V^. 7-F«ll4 2 0SO-' 

ic. ii«s'jy^^77-f-ieic<toT. x'j-Fiii/^ 



(9) 



!|tBI200 1 - 93 1 1 9 



[00 5 1] 01 4tc,T^-rJ:7tC» 'JV^^77 

-i-tJi'yf-yifJM^mi^T. mmmi 1 6«±® 

^ hJi4 2 1 lca^W*j««S&^-r5Y U - K«l4 2 

25fBfig-rSo ;^tc. *6S5®p^i!!&asi4i 95ffM 
u ^<D±its e>y hsi4 2 3 5jgfii6-r5o 9- Km 

[0 0 5 21 *f8WlcJ:5^=E'Jti» ^t'J-tr/KDSP^ 
^c*5IRS^^:«^:5TMR}R?«■ffl^,^SJSi:x *(DIEii*^ 

/^^!:tel^T^ aKttH2 1 h>:^;u/^'J7Ji3 1 

1x {ESSi^AI 1 60D=1««. XlfV/<f;U7«JgB)6LT 
l^:&o 1 bf<y hOlf^B. l9(«K1£Ji2 1 6(9a[fb4X«g(<: 

[0053] 01 5^C^5L^T, (1, 1) Olf 

!b^5e£-rs?K»©?a6V^';-fe;u*<Di!i:fiatti2 1 

X'r'y5^V^^<i:y:*;^l^S^^^^ 7Kl/;^ (1, 
1) ©ptt'J-b/UiiHfCfD*^^?^^, iiOfiSffWiR] 
^fCjC^jTx Th'l'X (1, 1) 

« tifcisai© 1 xtt 0 ««j*^*ti5o St 

a3l^Ts J8BK14S1 1 5©BSfbtts *©X-fy^V^nK 

mwimB2 1 5®X'r79^v^nK»j:y+»**< 

©/\V7X^3fE6^?64-r«BSP03^-eB, i5{8SttH2 1 
5(DmttS<bL^l,''<DT% 7-Ki!SW1±©f60P<^ 

u -b;KDBs^bttsi^ s<b* -tirs c i imi\ mmoms*- 

aj Hi. X >; - F$l<!: Y U - KiSg(7)F^05Smatfix*^!U 
LT^Tfc^^«o f^^D-Ss X'J-KJgXI tYU-KlSa 

Y 1 i:(or^<ojgj?coj^-rtnf> (i. do 

(1,1) (Dli«!bi'if6*x^c 

[0 0 5 4] *«ai«imi. *ft»Ji4 1 6i:LTi/'J3 

yJsmfblBl. -7- Ki»aji4 2 o t LT-t:r (n b) . 

mm /W73'Ji2 5 5i:LT (0 0 1) T i C r. 
/\V77')i2 5 1i:LThcp«i5gCoOAiS. mm 
Ji2 16i:LT (2 1 1) H^^rSFe. hV^/U/« 
IJ7S3 1 1 <!:LT-|SligK<b)SlcJ:oTf^lliLfc)I* 
1 2Aa)7;U5:>-h>:?./UBS{bfSx SlsaittJil 16tL 
TCoFe. Zl>^f^'h®42 1 tLT-:!|-7' (N b) 
Sffll^fc„ i!?5a[tt)i2 1 5©«SS:^«Mffll-r5/j: 



46lEv S*5fflfiK*#-r5C o F e^^ft,!^^ffil^«^: 

««ffl*sj:dtcs:y, ^«*'j-t:;nafb«JSo«ta«js«« 

lRl±Ls -foe^x Se«J:y5flgSJtiS5iftT»i8ttHS 
[0055] 

«ffifitS^bOfil6 0%^II^L. TM R3g?«fflL^«liS 
«-tr>+f- ©SJgtttt£3l5Sffi0 3^g6^6l OfgJ.X±lciRi 

mii*i> iiB»i3Sffijt«a£*o 1 ofgejstcfi]±-rs 

[0iBOflS^«:3iR^] 

[0 1 ] h >^iimimmisim^<ommmmo 

[02] *SSWlEj:5H>*;U5ajltfiSBa««?0«fi)6 
ffiJ=&S^-r»iE«it0o 

[03] ^ 3ki>xTom^^^t^7i\'Zi-mmm(om 

[04] 1 3AJ.X±<7)/i?S*-r«7;l/5:MS»POJK 

[05] 1 3AJ.X±CDIi?^#-r57;U5^®»Ma5JI5 
fiEmc^CSeamcJ: y . 7;l/5:MSom6'<Sz:5 
C<!:«/T^Lfc0p 

[06] rS|ig»fbS«fflt^fc» 1 3AW±©J»?S^ 
■r57;l/5 :^fii»IBi©fefiR»«/T^ Ln:0o 
[07] *«Wl£j:5TMRSl?©H5iJ«3^-riBriHliSC 

00 

[08] Fe (2 11) ffl^fflt^/j:TMR*?(7)hV:?- 
;l/«tfii<!: h V^^/U/ ^" 'J 7li(7)K1i*/T^-r0o 
[09] M^«S:&tftS=ff-r5TMR*?tDh>*/HiS 

[01 0] *^WlEJ:«TMRlls?0ft60fiy«/T^-rilffiS 

<iiC0o 

[011] ^^m^icja^TMRm^^mi^Tcmnsimm 

[012] *igRSlCj;5TMR^?^ffll,^/j:5ait^<^'; 

osiiixm 

[01 3] *«W^^:<J:«TMRiR?*fflt^fc5att^^'J 

OUi5glS0, 

[01 4] *%^l::<J:5TMRi||?*fflL^fc58ttp<^'J 

[015] J: 5 T M R ^?*ffll^/i:5S1i>< t U 

Ol!!jSXie0„ 
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B. 5 4 "3'r;k 5 5-Tmm. 5 6-±mm. 

5 7 -mm. 1 0 0-Sr©BSttf*Hs 110-S-05 
»£1±<4:lx ^^6^^■WmB. 2OO-|g-0:)liBI1£i« 
a. 2 1 0-S-©fifittft:Jl. 2 1 1 -SaitftJi. 2 1 

5-5ait#s^ 2 1 6-wm\i.m. 2 5 1 -ik-j^t 

m. 2 5 2 5 0-JiyyTms 25 5 

-U-KililHv 3 0 0 "h>^./Uy^''J7Jls 3 10-h 
3 1 1 •••KV;^;l//\-iJ7Sx 320- 



Ti\^s.-'yhmm-. 3 2 2-Tiu~=.':?ums sso - 

Til5i-B. 33^^■^7mi■m. 3 3 3-7;U5^ 
Ji. 4 0 0 -U-KlHl. 4 10-'J-Km 415 

-^j-mm. 4 1 6-s i 02miitmm. am- 
mmimms 4 1 8-jirs«ftiiji. 4 1 9-srs«(Mi 

4 2 0 "9-K«Ui» 42 1-aV^i^7H, 4 2 
2-YiJ-Kiax 4 2 3-eyhJ9. 5 0 0-StR. 5 
1 5 1 5-Sffi, 5 1 6 8 0 0 "^ 
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[137] [BI8] 



8 0 0 10" 




i flo r ■ ■ > I ■ ■ . ■ 1 

10 IS 20 25 30 

7;^5:^^.>*;^Ay7JP^E (Angstrom) 




(13) 



!|$g820 0 1 - 93 1 1 9 



(72)$S^# mm HfT^ F^-A(##) 5D034 BA04 BA15 CA08 DA07 

mmm-0<if^mS 1 TS 1 #4 Xfm 5E049 AAOI AA04 AA09 ACOO AC05 

^151^ 's^mm^mmif^ bai2 



